A B S T R A C T The activity and properties of cholines
INTRODUCTION
Cholinesterase plays a cardinal role, together with acetylcholine and acetylcholine receptor, in cholinergic transmission including the neuromuscular transmission. Cholinesterase of the neuromuscular junction may play a role in the pathophysiology of diseases of neuromuscular transmission, and in the action of drugs which affect neuromuscular transmission. However, there has been no quantitative study of cholinesterase activity of the Received for publication 24 October 1969. motor end plate of human skeletal muscle. In a previous communication, the authors reported cholinesterase activity of the motor end plate of rat skeletal muscle, by use of an isolated muscle membrane preparation (1) . This preparation was used because cholinesterase activity of the muscle membrane is localized in motor end plates.
In the present study, the activity and properties of cholinesterase of the motor end plate of normal human intercostal muscle were estimated in the isolated muscle membrane. The intercostal muscle was chosen since this muscle is mainly used in microelectrophysiological studies of human motor end plates.
METHODS
Human intercostal muscle was obtained during postmortem examination performed within 5 hr of death from the fifth to eighth intercostal spaces of patients with no history of neuromuscular disease.
The muscle homogenate was prepared by homogenizing the muscle in a Waring Blendor with 50 mm CaCl2 and then filtering through 18 mesh plastic net. In order to prepare the muscle membrane fraction, the sarcoplasmic components of the homogenate were dissolved and removed by repeated washing. Details of these methods have been described in a previous communication (1) .
Cholinesterase activity was measured by the hydroxamic acid method (2) . Incubation was performed at 370C for 30 min in a medium which contained 4 nmt acetylcholine bromide, 100 mar NaCl, 10 mM MgCl2, and 30 mm sodium phosphate buffer, pH 7.5, unless otherwise indicated. Nitrogen was measured by the micro-Kjeldahl method.
Staining for cholinesterase activity in muscle sections or in the membrane fraction was performed using acetylthiocholine as the substrate (3). To RESULTS Properties of isolated human muscle membrane. The muscle membrane was recovered as a white, fluffy suspension, which under the phase-contrast microscope consisted of semitransparent or granular membranes of various shapes (Fig. 1 a) . The appearance was not altered by storage in suspension at 4°C for 6 months. Numerous motor end plates were visualized in the membrane by staining for cholinesterase activity (Fig.  1 b) . The fine structures of these end plates were similar to structures of end plates demonstrated in muscle sections, including the presence of isolated sole plates.
This appearance is in contrast to the continuous network of the sole plates in rat motor end plates (1) . The end plates appeared swollen in the membrane stored at 4VC for 3 months, and became diffuse cholinesteraseactive spots in the membrane stored for 6 months, probably due either to inactivation or diffusion of the enzyme. Motor end plate was the only structure demonstrated by staining the membrane for cholinesterase.
Cholinesterase activity of human mnuscle membrane.
The cholinesterase activity of human skeletal muscle membrane per unit nitrogen was 3.86 times greater (P < 0.001) than the cholinesterase activity of the total muscle homogenate ( The optimal pH of the incubation medium for cholinesterase activity of human skeletal muscle membrane was 7.8 ( Fig. 5) . Buckley and Nowell (10) and Buckley and Heaton (11) , but their method was later found to have yielded low activity (15) . In the indirect measurement, the difference of cholinesterase activity between the muscle segments containing motor end plates and the segments without motor end plates is considered to be the cholinesterase activity of motor end plates. This method cannot be employed in human skeletal muscle, because the high cholinesterase activity of the segment without motor end plates renders the difference small and within the experimental error. Only about 2% of the cholinesterase activity of human intercostal muscle was estimated to be in the motor end plates, compared with 20% in rat tibialis anterior muscle ( 1 ) .
Direct measurements of cholinesterase activity of motor end plates in human skeletal muscle have been found to be inaccurate, for the same reason, when carried out in muscle segments containing cholinesterase- The function of non-end plate cholinesterase, which is localized mainly in the sarcoplasmic reticulum (16) , is not known, but, from the comparative studies in muscle from man and from the rat, probably plays a very minor role, if any, in neuromuscular transmission. Motor end plates of humans appear to be more sensitive to acetylcholine than end plates of rats. In order to reduce the amplitude of muscle action potentials evoked by supramaximal nerve stimulation by 50%, only about 2.5 mg of acetylcholine was required when injected into the brachial artery of humans which supplies tissue weighing about 1000 g (17, 18) , whereas approximately 1.0 mg of acetylcholine was required when injected into the common iliac artery of rats which supplies less than 10 g of tissue (19) In human intercostal muscle, 4.04 X 10'°molecules of acetylcholine have been reported to be stored in each motor end plate (20) , and a mean of 218,000 quanta of acetylcholine has been reported to be releasable (21) . If all the acetylcholine molecules stored in the motor end plate are releasable, the entire acetylcholine store would be hydrolyzed in 335 msec, and 650 quanta of acetylcholine can be hydrolyzed in 1 msec. Actually the releasable acetylcholine is only a fraction of the total acetylcholine store, and therefore acetylcholine greater than 650 quanta can be hydrolyzed in 1 msec.
The number of cholinesterase active sites in a motor end plate has been measured only in mice (Table IV) (Table IV) . These studies indicate that about 10' molecules of acetylcholine per impulse are released from a motor end plate in experimental animals. If one utilizes this number for human intercostal muscle, the time required to hydrolyze acetylcholine which is released by one impulse is 83 Asec. The number of possible acetylcholine receptor sites in an end plate was reported to be 4 X 106 in mouse diaphragm as measured by binding of curare compounds (22) .
